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Abstract 
The most important task of housing and communal services is to provide a high-quality drinking water to the population. It is 
necessary to improve the existing traditional water supply system and to develop new means of water treatment. 
Processing of the wash water and sludge produced during water treatment due to technical imperfections of the recommended 
methods. Cleaning of wash water and sediment is an important issue and should always be dealt with in conjunction with the 
preparation of drinking water at waterworks. The main results of the sedimentation process studies slurry in water treatment at 
waterworks Lower Volga region of steppe and desert zones are presented. Complex investigations in filtering the washing water 
have been performed It is shown that the main characteristic in determining the size of horizontal tanks is the quantity of a 
minimum hydraulic size of suspended particles regardless of the geographical area. 
© 2016 The Authors. Published by Elsevier Ltd. 
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Drinking water supply is the main element of life support of cities and a factor of the national security in the 
sphere of the health protection of the population [1-4]. The solution of problems of sustainable development of 
water complexes including the constructions allows providing the ecological safety of the environment. The 
problem of the supply of the population of the city with drinking water recently got special importance due to an 
enormous pollution of water objects and water sources. Especially this situation deals with surface water sources 
whose share of pollution of which as drinking water sources makes up about 70%. Hydrological, geological and 
chemical condition of the micro content of ground waters in many regions of the world prove that in many water 
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samples there is a large number of heavy metals and some of which are presented in concentrations considerably 
exceeding the MPC levels. In the first turn this refers to the presence of surface and ground waters of iron and 
manganese [5-8].  
The coagulation of particles accompanied by the sedimentation of growing aggregates plays the important role in 
the formation of the water suspension. In natural conditions this situation leads to the migration of the disperse 
organic matter from water into the ground deposits and due to a big volume of the hydrosphere makes an important 
contribution to global geochemical cycles of the carbon and concomitant elements. 
The normative documents suggest the scheme of the proportional pumping of rinsing water into the pipes before 
the mixer of the station  through the reservoir or neutralizer (figure 1). 
Fig. 1. Technological scheme of water treatment using the reservoir neutralizer for rinsing water with prompt filters 
1– supply of water;  2 – mixer; 3 – horizontal sedimentation tank; 4 – prompt filer; 5 – pipe bent of the purified water; 6 – pipe bent of the rinsing 
water of prompt filers; 7 – reservoir neutralizer with the built in sand trap; 8 – pump for the return of the rinsing water into the pipe before the 
mixer; 9 – return of the rinsing water into the “head” of the construction; 10 – pump for the deposit removal; 11 – deposit for further treatment; 
12 – deposit for the compaction. 
The purification of rinsing water of prompt filters with specifically allocated existing horizontal sedimentation 
tanks and prompt filters implies the impact of basic quality characteristics of rinsing waters in comparison with 
analogous parameters of river waters. 
When carrying out the experiment a number of authors [9,10] noted that the process of the gravity sedimentation 
of rinsing water happens more efficiently than the process of natural waters sedimentation at considerably fewer 
doses of reagents. In order to confirm this assumption additionally the experiments of comparison of the deposit of 
the suspension of river and rinsing waters were carried out. The results of experiments were supposed to answer the 
question about the sufficiency of existing horizontal sedimentation tanks as they have basic dirt burden at the gravity 
sedimentation of rinsing water [9].
It is necessary to take into consideration that an important parameter influencing the degree of purification is the 
concentration of the suspended water [9]. Natural waters can change the concentration even during the day 
considerably, for instance during the flood, at the transit from winter to summer and etc. The rinsing water is 
characterized by a more stable content of the suspension during the day that allows facilitating the procedure of 
selection of reagent doses. 
The distinctive feature of the suspension of natural and rinsing waters is their granulometric composition. Natural 
waters are a micro heterogeneous system that consists of coarse dispersion admixtures and colloid pollution and the 
rinsing water is practically a homogenous colloid system. It was determined [11-14] that the average diameter of 
suspension in the lower reaches of Volga (The Lower Volga) constitutes 0,23 mm and the diameter of particles in 
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the rinsing water is about 0,017 mm that is a degree lower. The granulometric composition of the suspension in 
rinsing waters is determined [4,9,15] in every season. 
One of the parameters influencing the efficiency of the process of water purification is its temperature that in 
corresponding seasons of the year is equal for natural and rinsing waters. The lowering of the temperature lead to an 
increase of the viscidity of the dispersed sphere lowering the the intensity of the Brownian movement and as a 
consequence to an increase of the doses of used reagents [9,10,16,17]. The influence of temperature on the process 
of the sedimentation of the suspension of rinsing waters is analyzed in the scientific papers [2,6,9,10,14,18,19].
The experiments carried out in static conditions showed that at equal conditions of settlement the process of 
flocculation of the suspension of rinsing water takes place more efficiency than the suspension of natural waters. 
This fact is connected with the difference in diffusion processes taking place mainly in chambers of flocculation and 
processes of sedimentation of suspension particles and resulting in the volume of horizontal sedimentation tanks. 
That’s why using a complex approach to the problems of the purification of rinsing waters in chambers of 
flocculation and horizontal sedimentation tanks it is necessary to take into consideration two processes – the process 
of diffusion and further process of particles sedimentation that in case of purification required a more detailed study. 
It is necessary to carry out the complex assessment of the process of sedimentation of rinsing waters in horizontal 
sedimentation tanks taking into account their distinction from natural waters. Thus in flocculation chambers under 
the influence of the thermal movements simultaneous alignment of particles in volume and their diffusion takes 
place. 
Diffusion is the process of the mutual penetration of molecules and atoms of one substance between molecules 
and atoms of another leading to a simultaneous leveling of their concentration according to the occupied volume. 
Diffusion is a microscopic manifestation of the thermal movement of molecules that’s why it is possible to assess 
the process of the purification (settlement) of a colloid suspension only with the help of microscopic kinetics. In real 
conditions the microscopic kinetics studies the process of chemical reactions taking into account [1,10,11,16]:  
- diffusion of basic substances and products of their reaction;
- calorification and diffusion during the warmth reaction;
- hydrodynamic conditions under which the process takes place. 
Deposition of suspended substances in the volume of horizontal sedimentation tanks is usually assessed with the 
account of the influence on the particle of the gravitation field [1,2,5,6,10,20]. Taking into consideration that the 
rinsing waters have a more homogenous composition of the suspension and a considerably smaller average diameter 
of particles in comparison with river waters, the effect of settlement at other equal conditions (temperature, 
viscosity, concentration, reagent doses, characteristics of hydraulic size and so on) is influenced by the size of cross 
pulsations arising as a result of a turbulent regime of the movement of the water in sedimentation tank [1,10,14]. 
Taking into consideration considerable cross pulsation at the process of the suspension of rinsing water settlement 
the necessity of the size correction of construction for settlement could arise. For the analysis of this phenomenon it 
is necessary to compare the hydraulic largeness of the weighted particles in the rinsing waters with the size of cross 
(vertical) pulsations at the turbulent flow movement. 
The pulsating component of the speed in the flow can be calculated having presented the tangent voltage in the 
stream on the one hand in accordance with hypothesis of Prandtle [9,11,12,15,21,22],
2
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And on another hand using the Reynolds equation
,U wW U c c   (2) 
       p – density, kg/sm3; 
       l – way of mixing by Prandtl,  ,l k y   sm; 
       k – universal constant of Karman, k = 0,4 ;  
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       ɭ – vertical coordinate, sm;  
       U' – longitudinal pulsation, sm/s;  
       w' – vertical pulsation, sm/s. 
As a result of the comparison of equations (1) and (2) we get: 
 .dUU w l
dy
c c    (3)
In order to determine the vertical pulsation the Krey (4) formula can be used for the distribution of torrent speeds 
vertically:
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       U – longitudinal speed of water flow in the given point vertically, sm/s; 
       Um – speed on the surface of water in the sedimentation tank, sm/s;  
       N – relative coordinate of the point,   
;yN
h
  
       h -  working depth of the settlement tank, sm;  
 Į  - relative roughness, for concrete Į=0,0005-0,00017.  
Substituting the formula (4) into the equation (3) after the mathematical manipulation we get:   
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The value of pulsation w' can be expressed more comfortably using the average speed of water flow in the 
sedimentation tank for that we will integrate the expression (4) and will divide by the non dimensional ordinate and 
then we will evaluate Um   and will add to the expression (5). 
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Substituting the expression (6) into (5) at  that can determine the vertical pulsations of the speed:
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The formula (7) allows calculating the value of vertical pulsations in every point of the stream moving in a 
horizontal sedimentation tank. Some values of vertical pulsations depending on the characteristics of the stream are 
presented in table 1. 
Table 1. Some values of vertical pulsations
vɫɪ, sɦ/s N k Į Ȧ, sɦ/s 
0,4 1 0,4 0,00017 2,06*103 
0,4 0,5 0,4 0,0005 2,8*103 
0,58 1 0,4 0,00017 3,02*103 
0,58 0,5 0,4 0,0005 3,94*103 
1 1 0,4 0,00017 5,16*103 
1 0,5 0,4 0,0005 6,71*103 
 
The degree of dispersion of suspended solids in the washing waters is characterized by the hydraulic size, which 
were negotiated on the sites-minute research during all seasons of the year (in the course of a hundred-cal 
experiments). As a result of the experiments it was obtained that average volumes of hydraulic coarseness changed 
for rinsing water from 0,01 till 0,016 m/s and for rinsing waters treated with the reagent (Praestol) from 0,0290 till 
0,04 sm/s during the year. According to the data of table 1 the vertical pulsations attain maximal volumes at the 
depth of 0/5 h. As a result of comparison of maximal volumes of pulsations and the calculated hydraulic coarseness 
of suspended substances the conclusion can be drawn about the fact that the magnitude of pulsations is larger to a 
degree than the volume of the hydraulic coarseness of the precipitating suspension. 
The necessary length of horizontal sedimentation tanks is determined using the formula [6,11,16,20]:
,
0
H vcɪ ɫɪL
w

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       ɇɫɪ —   average height of the sedimentation zone is taken 3,25 m; 
       vɫɪ  -  calculated speed of the horizontal water flow in the beginning of the sedimentation tank for rinsing 
waters;  
       w0  - hydraulic coarseness, mm/s, was determined experimentally for rinsing waters w0 =0,1 - 0,16 mm/s and 
for rinsing waters treated with the reagent (Praestol)  w0 = 0,29 - 0,392 mm/s. 
According to [4,8,9,15] the hydraulic largeness for the suspension of rinsing waters treated with the coagulant 
was taken w0 = 0,5 mm/s. 
Table 2. Length of horizontal sedimentation tanks for different volumes of hydraulic coarseness 
ɇɫɪ, m vɫɪ , mm/s w0, mm/s L, m 
3,25 4,5 0,1-0,16 146-91 
3,25 4,5 0,29-0,392 50,5-37,5 
3,25 4,5 0,5 29,2 
 
As a result of the calculation the optimal length of horizontal sedimentation tank for the volume of the hydraulic 
coarseness w0 = 0,5 mm/s, made up 29,2 m. The calculation of the length of horizontal sedimentation tanks on the 
basis of experimental data showed that for the suspension of rinsing waters without reagent treatment L = 146 - 91 
m and for rinsing waters treated with the reagent L = 50,5 - 37,5 m that is considerably fewer than the calculated 
lengths of horizontal sedimentation tanks typical of the conditions of the Lower Volga concerning the treatment of 
natural waters from surface sources compared to Western Siberia.
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Conclusion 
Thus vertical pulsations do not influence considerably the process of the suspension sedimentation. The basic 
characteristic at the setting of the horizontal sedimentation tanks for rinsing waters is the value of the minimal 
hydraulic coarseness of the suspension particles. 
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